A novel Gram-stain-negative, facultatively anaerobic, filamentous and rose-brown pigmented bacterium, designated strain HF401 T , was isolated from marine sediment off the coast of Weihai, China. The isolate grew at temperatures between 4 and 45 C (optimal growth at 33 C), at pH 6.5-8.5 (optimal growth at pH 7.5) and with 0.5-6.0 % (w/v) NaCl (optimal growth at 3.0 %). The predominant menaquinone was menaquinone 7 (MK-7). The G+C content of the genomic DNA was 50.8 mol% (from high-performance liquid chromatography). The major fatty acids were iso-C 15 : 0 , C 16:0, anteiso-C 15 : 0 and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2OH). The major polar lipids were phosphatidylethanolamine, phospholipid and an unidentified lipid. Phylogenetic analysis of 16S rRNA gene sequences indicated that strain HF401
In recent years, many new taxa have been described in the class Bacteroidia and this group of bacteria has expanded considerably. For example, a new family called Marinilabiliaceae and a new order called Marinilabiliales were recently proposed by Ludwig et al. [1] and Wu et al. [2] , respectively. The order Marinilabiliales contains three families, namely Marinilabiliaceae, Prolixibacteraceae and Marinifilaceae, which were previously classified in the order Bacteroidales. The family Marinilabiliaceae comprises 11 genera at present, i.e. Marinilabilia [3] , Anaerophaga [4] , Alkaliflexus [5] , Alkalitalea [6] , Geofilum [7] , Mangroviflexus [8] , Natronoflexus [9] , Thermophagus [10] , Carboxylicivirga [11] , Saccharicrinis [11] and Labilibacter [12] . Species of the family Marinilabiliaceae are facultatively anaerobic or anaerobic and have been isolated from a wide variety of habitats including a soda lake, an oilfield, marine animals, a hot spring and sediments collected from a mangrove [4, 6, 8, 10, 13] . For example, Alkalitalea saponilacus was isolated from soda lake sediments [6] , Mangroviflexus xiamenensis was found in mangrove sediments [8] , Thermophagus xiamenensis was found in hot spring sediments [10] and Saccharicrinis carchari was isolated from shark tissue [13] . The genus Geofilum was proposed by Miyazaki et al. [7] in 2012, with a single species, Geofilum rubicundum, which was isolated from deep subseafloor sediment obtained off the Shimokita Peninsula of Japan. In this study, we report the description of a novel Geofilum species that originated from coastal sediment in Weihai, China (112 03¢ 44.01 † E 37 32¢ 01.93 † N).
Strain HF401
T was isolated from a marine sediment sample which was processed for 4 weeks using enrichment culture techniques that were previously described [14] . After isolation and purification, strain HF401
T was routinely grown on 2216E agar (HopeBio) or in 2216E broth (HopeBio) at 33 C and preserved at À80 C as a suspension in sterile 1.0 % (w/v) saline supplemented with 15 % (w/v) glycerol. For Cell morphology and size were examined by light microscopy (Ci-L; Nikon). Motility was determined by the hanging-drop method and gliding motility was determined as described by Bowman [15] . Colony morphology was observed on 2216E agar plates after 48 h of incubation. The Gram reaction was determined by using a commercial Gram stain kit (Solarbio, China) according to the manufacturer's instructions. The temperature growth range of the isolate was determined by growth on 2216E agar and in 2216E broth at 0, 4, 10, 15, 20, 28, 33, 37, 40, 45 and 48 C. The requirement for and tolerance to NaCl was tested in NaCl-free artificial seawater medium broth supplemented with 0.5 % peptone, 0.1 % yeast extract, 0.01 % FePO 4 and various concentrations of NaCl (adjusted to 0, 0.5 and 1-11 %, using increments of 1 %). The pH range for growth was investigated between pH 5.0 and 10.0 (in increments of 0.5 pH units) in 2216E broth at 33 C using the method described by Xu et al. [16] . Growth under anaerobic conditions was examined after incubation for 14 days in an anaerobic jar on 2216E agar at 33 C with or without 0.1 % (w/ v) NaNO 3 . Catalase and oxidase activities were determined by 3 % (v/v) H 2 O 2 solution and oxidase reagent (bioM erieux), respectively. Hydrolysis of agar, starch, Tween 80, alginate and cellulose were tested on 2216E agar by using each substrate at 1 % (w/v). The ability to reduce nitrate was tested with the approach described by Dong and Cai [17] . Other biochemical tests, such as the activity of constitutive enzymes and production of acid were performed using API 20E, API 50CHB and API ZYM strips (bioM erieux). Oxidization of substrates as sole carbon and energy sources was determined using Biolog GEN III MicroPlates from the Microlog system. All of the API tests and Biolog GEN III MicroPlates were carried out according to the manufacturer's instructions at 33 C except that the NaCl concentration was adjusted to 3.0 % (w/v). Susceptibility to antibiotics was investigated on 2216E agar plates using the disc diffusion method as described previously [14] , and according to procedures outlined by the Clinical and Laboratory Standards Institute.
Amplification and sequencing of the almost-complete 16S rRNA gene were performed as previously reported [13] . The obtained sequence was compared to publicly available sequences with the BLASTn algorithm [18] and further analysed using the EzBioCloud [19] . Multiple alignments were performed using MEGA version 7.0 software [20] , and clustering was determined using the neighbour-joining (NJ) method. Trees were also reconstructed using the maximum-likelihood (ML) and maximum-parsimony (MP) methods to ensure the robustness of the conclusion. Bootstrap values were evaluated based on 1000 replicates in the three methods. Shotgun genome pyrosequencing of strain HF401
T was performed by Shanghai MajorbioBio-pharm Technology (Shanghai, China) using the Illumina HiSeq platform. Raw sequencing data assembly was performed using SOAPdenovo version 2.04 and GapCloser version 1.12. The average nucleotide identity (ANI) values were calculated using JSpecies software version 1.2 [21] and the percentage of conserved proteins (POCP) between two genomes was calculated according to the method described by Qin et al. [22] .
Biomass subjected to chemotaxonomic analyses was grown in 2216E broth at 30 C for 36 h, when the bacteria were in the late logarithmic growth phase. Extraction, methylation and analysis of the fatty acids were done with the Sherlock Microbial Identification System (MIDI) version 6.1 equipped with an Agilent model 6890 N gas chromatograph, which was performed by Shanghai Public Health Clinical Centre. Respiratory quinones were analysed by high-performance liquid chromatography (HPLC) as described by Minnikin et al. [23] . Analysis of polar lipids was carried out by the Identification Service, Leibniz-Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen (Braunschweig, Germany). The G+C content of DNA was determined by HPLC as described by Mesbah et al. [24] and by genome sequencing.
Cells of strain HF401
T were Gram-stain-negative, filamentous (0.3-0.5 µm wide and 10-15 µm long), and motile by gliding. Growth occurred at 4-45 C (optimal growth at 33 C), at pH 6.5-8.5 (optimal growth at pH 7.5) and with 0.5-6.0 % (w/v) NaCl (optimal growth at 3.0 %). Compared with G. rubicundum JCM 15548 T , strain HF401 T had a wider temperature range and could tolerate higher temperatures. Strain HF401 T grew well under anaerobic and aerobic conditions, which was similar to G. rubicundum JCM 15548 T but different from other related genera Mangroviflexus, Alkaliflexus, Natronoflexus and Alkalitalea. There were also several common biochemical similarities between strain HF401
T and G. rubicundum JCM 15548 T . Both strains were found to be negative for catalase, alginatelyase, cellulase and agarase and susceptible to ampicillin, chloramphenicol, erythromycin, penicillin and rifampicin. However, other phenotypic features differed between strain HF401 T and other related type species of the family Marinilabiliaceae, which is shown in Table 1 . Strain HF401
T was found to be susceptible to cefotaxime sodium (30 µg), kanamycin (30 µg), vancomycin (30 µg), ceftriaxone (30 µg), erythromycin (15 µg), chloramphenicol (30 µg), neomycin (30 µg) and rifampin (5 µg), but resistant to tetracycline (30 µg), nalidixic acid (30 µg), ofloxacin (5 µg), tobramycin (10 µg), gentamycin (10 µg), lincomycin (2 µg) and streptomycin (10 µg). Further data on the morphological, physiological and biochemical characteristics of strain HF401
T are given in the species description.
The 16S rRNA gene sequence of strain HF401
T determined in this study comprised 1473 nt and showed the highest similarity to that of Natronoflexus pectinivorans AP1 (Fig. 1) . The draft genome sequence of strain HF401
T consists of 84 contigs of 4.1 Mb with the average coverage of 470Â. The genome sequence of G. rubicundum JCM 15548
T was obtained from NCBI with the GenBank accession number NZ_BAZW00000000. The genomes of HF401 T and G. rubicundum JCM 15548 T have ANI values of 71.3 % (ANIb) and 86.0 % (ANIm), and the POCP value between the two genomes is 61.2 %. Because a 95-96 % ANI value serves as a threshold for prokaryotic species delineation [21] while a POCP value of 50 % is proposed as a genus threshold for prokaryotic lineages [22] , it is suggested that strain HF401
T represents a new species in the genus Geofilum.
Although strain HF401
T showed the highest 16S rRNA gene sequence similarity to strain Natronoflexus pectinivorans AP1 T , the O 2 respiratory pathway was different between two strains and they did not have a closer genetic distance than G. rubicundum. Furthermore, the 16S rRNA gene sequence similarities between any two strain of strain HF401 T , Natronoflexus pectinivorans AP1 T , Alkalitalea saponilacus SC/BZ-SP2 T , Mangroviflexus xiamenensis P2 T , Alkaliflexus imshenetskii DSM 15055 T and Geofilum rubicundum JCM 15548 T were above 94 %, which indicated that these six strains were more closely related to each other than to other member in the family Marinilabiliaceae (<93 %). In the NJ tree, these six strains were found to form a separate branch within the family Marinilabiliaceae with a bootstrap percentage of 99 %, which was also confirmed by ML and MP trees (Fig. 1) . In addition, the 16S rRNA gene sequence similarities between Natronoflexus pectinivorans AP1 T and Alkalitalea saponilacus SC/BZ-SP2 T was 98.9 %, and the POCP value between Alkaliflexus imshenetskii DSM 15055 T and Geofilum rubicundum JCM 15548 T was 58.6 %, which were higher values than the threshold used for the definition of bacterial genera [22, 25] . Therefore, the exact taxonomic position of the five genera Geofilum, Mangroviflexus, Alkaliflexus, Natronoflexus and Alkalitalea should be further discussed.
The major cellular fatty acids (above 10 % of the total fatty acids) present in strain HF401 T were identified as iso-C 15 : 0 (31.5 %), anteiso-C 15 : 0 (10.8 %), C 16 : 0 (11.3 %) and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2OH) (10.9 %). This composition was similar to G. rubicundum JCM 15548 T , which was obtained under the same conditions with strain HF401
T , but the relative amount of some fatty acids were notably different between two strains ( Table 2 ). The major polar lipids detected in strain HF401 T were phosphatidylethanolamine, phospholipid and an unidentified lipid. Moderate and minor amounts of the other two unidentified lipids and aminophospholipid were also present in the polar lipid profile (Fig. S1 , available in the online Supplementary Material). The predominant isoprenoid quinone determined in strain HF401
T was menaquinone 7 (MK-7), in line with the quinone profiles of other members in the order Marinilabiliales [2] . The DNA G+C content of strain HF401
T was 50.8 mol% from HPLC and 49.0 mol% from the genome sequence.
Phylogenetic, biochemical and physiological tests of strain HF401
T showed that this strain had much in common with the type strain of G. rubicundum JCM 15548 T . At the same time, there were also many phenotypic differences between the two strains, as outlined in Table 1 , and a sufficient degree of genetic divergence to conclud that strain HF401 T represents a novel species within the genus Geofilum, for which the name Geofilum rhodophaeum sp. nov. is proposed.
DESCRIPTION OF GEOFILUM RHODOPHAEUM SP. NOV.
Geofilum rhodophaeum (rho.do.phae¢um. Gr. n. rhodon the rose; Gr. adj. phaeos brown; N.L. neut. adj. rhodophaeum rose-brown).
Gram-stain-negative, facultatively anaerobic, non-sporeforming and filamentous. Exhibits gliding motility. Colonies on 2216E agar are rose-brown, circular, smooth, less than 1.0 mm in diameter and adhere to an agar plate after 36 h of growth at 33 C. Grows at 4 to 45 C with an optimum temperature of 33 C and requires 1-6 % (w/v) NaCl for growth. Grows at pH 6.5-8.5 with an optimum pH of 7.5. Negative for catalase and oxidase. Tweens, agar, starch, alginate and cellulose are not hydrolysed. Nitrate is not reduced. Tests for Voges-Proskauer reaction, citrate utilization, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease and tryptophan deaminase are negative. Indole and H 2 S are not produced. Alkaline phosphatase, acid phosphatase, a-galactosidase, a-glucosidase and b-glucosidase activities are present, but lipase (C14), trypsin, a-chymotrypsin, b-galactosidase, b-glucuronidase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, naphthol-AS-BI-phosphohydrolase, N-acetylglucosaminidase, a-mannosidase and b-mannosidase activities are absent. Acid is produced from D-galactose, 
Conflicts of interest
The authors declare that there are no conflicts of interest.
Ethical statement
This article does not contain any studies with animals performed by any of the authors. Informed consent was obtained from all individual participants included in the study. †Summed features represent groups of two or three fatty acids that could not be separated by gas-liquid chromatography with the MIDI system. Summed feature 1 consists of C 13 : 0 3OH and/or iso-C 15 : 1 I; summed feature 3 consists of C 16 : 1 !7c and/or iso-C 15 : 0 2OH; summed feature 4 consists of anteiso-C 17 : 1 and/or iso-C 17 : 1 .
